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This thesis deals with the interrelation of the stable
carbon and oxygen isotopes in the natural system: water - car-
bon dioxide - dissolved bicarbonate - solid carbonate.

A review is given of the fractionation factors for iso-
topic exchange equilibria between the compounds involved in
the system mentioned above (chapter 1). Subsequently, the dif-
ferent procedures are described by which the various materials
investigated are converted to carbeon dioxide for mass spectro-
metric analysis (chapter 3). The isotopic results are corrected
for different types of errcrs and reperted on the internation-
ally adopted PDB and SMOW scales (chapter 2).

In the second part (chapter 4) the isotopic composition
of several kinds of natural waters is discussed. The seasonal
variations in '®0 convent of precipitation (fig. #.2) and the
relation between the %0 content of average annual precipita-
tion in Groningen and other European stations (fig. 4.3) are
explained on the basis of the Rayleligh condensation medel.

It is furthermore shown that rivers are also subject to
seasonal variations, both in !3C content of the dissolved bi-
carbonate and in !8C content of the water. In winter all riv-
ers have isctopic abundances of carbon and oxygen similar to
those of the ground water in the drainage area. The higher 18¢
content in rain water rivers during summer {(fig, 4.5) is ex-
plained by the contribution of isotopically enriched precipi-
tation, while the lower %0 content of the melt water rivers
frem early spring onwards, is attributed to an isotopically
light contribution from the Swiss mountains. The higher !3C
content of river water bicarbonate in summer (fig. %.6) is con-
sidered to be due to isotopic exchange with atmospheric carbon

dioxide of surface water draining intc the rivers.
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In the area investigated, ground water is found to have
a rather constant and specific %0 content; even when it is
several thousand years old (table &.1). This 180 value is
egqual to that of the precipitation in the period of maximum
infiltraticn, i.e. autumn and spring. Deviations are found to
be dus to admixture of sea water (fig. #.4), or river water
infiltration. The !3C content of ground water bicarbonate
shows a specific average value, which is explained by the dis-
solution mechanism ¢of limestone in the soil by the action of
carbon dioxide from humus decay and root respiration. Devia-
tions from normal - caused by isotoplc exchange with soil car-~
bon dioxide, direct dissclution of limestone by humic acid or
sea water infiltration - are observed and compared with some
aspects of the chemical composition of the ground water (fig.
Lob).

The 80 results for North Sea water agree with earlier
measurements on the open ocean. The 13¢ content of the sea
water bicarbonate indicates a condition of carbon isotopic
equilibrium with atmospheric carbon dioxide.

A gradual apprecach to Isctopic equilibrium of fresh water
bicarbonate with the carbon dioxide in the air is also ob-
served in a shallow fresh water lake, the IJsselmeer (fig.
4.13).

Earlier measurements have shown that the %0 content of
brackish water is determined solely by the mixing ratio of the
fresh and sea water components, as is the chlorinity (fig. 4.8).
The same result is obtained for the carbon isctopes in the dis-
sclved bicarbonate. On the basis of these findings, the rela-
tion between the 13C and 180 content in an estuary can be pre-
dicted, iIf the isotopic composition and the dissolved carbon

content of the unmixed components are known (fig. 4.9

LB



of shell carbonate precipitated
he main aspects considered are: (a) the

carbonate

i #icance of

temperatures deduced from the -7C and 190 content of shells.

In the estuary the respective

variations in 13¢C and 1%C conterts of the shell carbenate and
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the water are found to correspond (fig. 5.3). If the §l3-g18
relation is extrapclated tc marine conditions, the isotopic

composition of carbonate precipitated in isctopic equilibrium

with pure sea water can be deduced. The temperature derived

gTQWTh pericc of the molluscs, The &' 7-8°° relations of shells

cn other near-by estuar ly extra-
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ence it can be ccncluded that the molluses: Mytilus
edulis and Cardium edule, deposit carbonate in isotopic equi-

iibrium with thelr envircnment, and that the difference in

carbon and oxygen isotoplc composition between carbonate on

+he one hand and water and dissclved bicarbonate on the other
is determined solely by temperature.

From the 1°C and 180 contents of the shell carbonate of
young mussels collected during the course of one year on the
Dutch lYNorth Sea coast (fig. 5.5), it is seen that only the
extrapolation procedure applied to the §13-518 relation,
yields reasonable temperatures for the growth period (fig. 5.6),

The procedure developed for determining the growth tem-
perature of series of living molluscs can alsc be applied to

fossil shells.
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